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MIC RO BI O LO GI CAL  IN VE STI GA TION  OF  PEP PER MINT
AND PUMP  KIN SEED KER  NELS DRYING
IN BATCH DRYER
AB  STRACT: The goal of this re  se  arch was to in  ve  sti  ga  te im  pro  ve  ment of drying
met  hod of pep  per  mint and pump  kin ker  nels (hull-less pump  kin seed) with the aim to get as
best  mic ro bi o lo gi cal  quality  of  pro ducts  as  pos si ble.  Small  and  me di um  sca le  pro du cers  of
me  di  ci  nal plants in most ca  ses per  form it in batch dryers, which of  fer op  ti  mal out  put ra  te.
Di  sa  dvan  ta  ges of this dryer type are slower thro  ugh-he  a  ting of up  per layers, with the re  sul  -
ting  in cre a se  of  mic ro bial  co unt.  In  this  pa per,  re sults  of  in ve sti ga tion  of  drying  cha rac te ri -
stics in batch dryer expressed thro  ugh the chan  ges of co  unt of bac  te  ria and mic  ro  fun  gi are
pre  sen  ted. The drying re  gi  me was ap  plied in three dif  fe  rent pha  ses, and dif  fe  rent ma  te  rial
batch he  ights.
Ob  ta  i  ned re  sults show that mic  ro  bial co  unt has in  cre  a  sed in the up  per layer du  ring
pro  cess of pep  per  mint drying, while the tem  pe  ra  tu  re was less than 45°C for a long pe  riod.
However, du  ring the fi  nal drying pha  se in this layer, the tem  pe  ra  tu  re was al  so over 45°C,
and the fi  nal mic  ro  bial co  unt was al  most the sa  me for up  per and lower le  vels. Du  ring the
tre at ment  of  pump kin  ker nels  in  all  of  ca ses  num ber  of  mic ro or ga nisms  in di ca ted  that  the
tre  a  ted pump  kin gra  ins be  lon  ged to the 3B qualitative gro  up or to the 4B for pha  se drying
re spec ti vely,  and  to  the  4A  for  con trol  gro up  ac cor ding  to  the  Eu ro pa ean  Phar ma co po e ia.
The re  sults ob  ta  i  ned sug  gest that the tre  at  ment of hull-less pump  kin seed with even hig  her
tem  pe  ra  tu  res of drying agents, for example 70°C or 80°C, in the first pha  se sho  uld be in  ve  -
sti  ga  ted. Af  ter that pha  se, the se  cond pha  se would follow, using tem  pe  ra  tu  re of 60°C, and
the met  hod with shif  ting mo  de sho  uld be ap  plied.
KEY  WORDS:  Drying,  mic ro bi o lo gi cal  quality,  pep per mint,  pump kin  seed  ker nel
IN TRO DUC TION
Pro  duc  tion of me  di  ci  nal plants and oil pump  kin ker  nels (hull-less pump  -
kin  seed)  is  eco no mi cally  pro fi ta ble  and  the  mar ket  is  as su red.  Com pli an ce
with the mic  ro  bial co  unt li  mits in the  se pro  ducts, ba  sed on Eu  ro  pean Phar  ma  -
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most of  ten, drying is be  ing per  for  med in batch dryers and in prac  ti  ce va  ri  o  us
pa ra me ters  are  be ing  ap plied.  In  de ve lo ping  co un tri es,  the  use  of  batch  dryers
pre  sents a com  pro  mi  se between in  vest  ments and ef  fects. The con  trol of drying 
pro  cess is very po  or in con  ven  ti  o  nal batch dryers, re  sul  ting in lower quality
and hig  her in  put of energy. New de  ve  lop  ment of con  trol equipment ena  bles
con  trol in batch dryers, which is not only sa  tis  fac  tory but is al  most com  pa  ra  ble 
to that in big band dryers.
Quick eva  po  ra  tion of physi  cally bond mo  i  stu  re ta  kes pla  ce at the be  gin  -
ning of the drying pro  cess. For the re  mo  val of mo  i  stu  re lo  ca  ted in  si  de of ma  -
te  rial is, be  si  de the energy for eva  po  ra  tion, the energy for mo  i  stu  re tran  sport to 
the  sur fa ce  al so  ne e ded  (Bruin and Luyben, 1980, Mühlba  uer, 1989). 
This pro  cess lar  gely de  pends on ma  te  rial struc  tu  re and it dif  fers. Es  sen  tial oils
are  ac ti ve  in gre di ents  of  many  me di ci nal  and  aro ma tic  plants,  and  the ir  ther -
mal sen  si  ti  vity is a li  mi  ting fac  tor for set  ting up of drying tem  pe  ra  tu  re (Mi  -
mi ca-Du kiã et al., 2003).
Ri se  of  tem pe ra tu re  over  45°C  re sults  in  con si de ra ble  re duc tion  of  mic ro -
bial  co unt.  Con tem po rary  pro ce du res  for  re duc tion  of  mic ro bial  co unt,  tre at -
ment with ste  am or microwaves, are used only in big band dryers (He indl,
2005).  As  a  con clu sion,  too  high  tem pe ra tu res  ca u se  los ses  of  es sen tial  oils,
while too low in  cre  a  se the mic  ro  bial co  unt. Due to this con  tra  dic  tory re  quire  -
ment the ran  ge of au  spi  ci  o  us drying agent tem  pe  ra  tu  res is very narrow, espe  -
cially for fi  nal drying pha  se, e.g. for mo  i  stu  re con  tent ran  ge from 18—20% to
the fi  nal ones, e.g. 11%. The up  per li  mit, due to es  sen  tial oil los  ses is abo  ut
50°C, while the lower li  mit, due to de  si  red re  duc  tion of mic  ro  bial co  unt, is
45°C.  Tem pe ra tu re  con trol  can  be  per for med  re la ti vely  easy  in  con tem po rary
band dryers (Müller, 2004,  Mar ti nov et al., 2007b,  Mar ti nov et
al., 2008), as op  po  sed to batch dryers. The thro  ugh-he  a  ting of whole ma  te  rial
layer, up  per le  vels, is very slow, ca  u  sing in  cre  a  se of mic  ro  bial co  unt (Graf
et al., 2002,  Mar ti nov et al., 2006a, b).
The  goal  of  this  re se arch  was  to  in ve sti ga te  the  pos si bi li ti es  of  im pro ve -
ment of drying met  hod with the aim to get as best mic  ro  bi  o  lo  gi  cal quality of
pro ducts  as  pos si ble.
MA TE RI ALS  AND  MET HODS
Experiment of drying of mint and pump  kin grain was per  for  med in the
De  part  ment of hops sorg  hum and me  di  ci  nal plants in Baå  ki Pe  tro  vac (of the
In sti tu te  for  Fi eld  and  Ve ge ta ble  Crops,  No vi  Sad),  and  mic ro bi o lo gi cal  ana -
lyses in La  bo  ra  tory of mic  ro  bi  o  logy of the Fa  culty of Sci  en  ces of No  vi Sad.
Cul ti var  of  Ment ha  x  pi pe ri ta L. Da  ni  ca in first year of ve  ge  ta  tion, first
and se  cond har  vest, Au  gust and Oc  to  ber, was used. Whole plant, i.e. herb, was 
dried in two he  ights of fresh ma  te  rial batch: 80, and 100 cm. The tests without 
tur  ning and with tur  ning of ma  te  rial layer, af  ter fi  nis  hing of se  cond drying
pha se,  were  per for med.  Ma te rial  was  weighted  by  in te gra ted  ba lan ce,  ac cu racy 
±  0.2  kg.  Ma te rial  sam ples  for  de ter mi na tion  of  mo i stu re  con tent  and  mic ro bial 
62co  unt were ta  ken be  fo  re drying. In the co  ur  se of drying, chan  ges of mo  i  stu  re
con  tent in the up  per and lower le  vels, 10 cm abo  ve the gra  te, and 10 cm
below sur  fa  ce were ta  ken for analysis of mo  i  stu  re con  tent and mic  ro  bial co  unt.
Oil pump  kin seed ker  nel of the sort Olin  ka was used. Af  ter har  ve  sting
and washing, sam  ples, were col  lec  ted from dif  fe  rent sam  pling si  tes where they 
were grown, and pe  riod of ti  me from washing to the be  gin  ning of drying did
not exceed three ho  urs. Sam  ples of un  tre  a  ted plant ma  te  rial ha  ve been al  so
sam pled  for  de ter mi na tion  of  mic ro bial  con ta mi na tion  of  fresh  ma te rial.
Experimental dryer and drying pro  ce  du  res
The experimental batch dryer, SD-16 MGA, pro  du  ced by Ter mo plin,
Mla de no vac  was  de scri bed  ear li er  in  Mar ti nov et al. (2006a, 2006b), but
for this experiments was pla  ced on the fra  me car  ri  er-17 and fo  ur weighing
SG  sen sors,  po si tion-18.  This  ena bles  con ti nu o us  me a su ring  of  dried  ma te rial
weight with ac  cu  racy 2 N. The bur  ner ca  pa  city was 15 kW, and ven  ti  la  tor
engi  ne 0.78 kW. The drying agent flow thro  ugh ma  te  rial layer was adju  sted to 
0.2  m/s,  and  me a su ring  was  per for med  with  ane mo me ter  at  over pres su re  vents 
ope  ning. The sur  fa  ce of drying gra  te was 1.6 m2.
Du  ring the co  ur  se of drying, three working re  gi  mes, com  bi  na  tion of
maximum tem  pe  ra  tu  re and working mo  de, open or cir  cu  la  ted, were pro  gram  -
med.  In  com pa ri son  with  pre li mi nary  te sting,  Mar ti nov et al. (2006a,
2006b, 2008), where the ti  me of chan  ging the pha  se was pre  dic  ted, in  te  gra  ted
ba lan ce  ena bles  chan ge  of  drying  re gi me  ac cor ding  to  me a su red  ma te rial  mass
and  cal cu la ted  mo i stu re  con tent.
Re la ti ve  hu mi dity  of  air  af ter  pas sing  thro ugh  pep per mint  ma te rial  layer
was  cal cu la ted  ba sed  on  tem pe ra tu res  me a su red  by  “wet"  –9  and  “dry"  –10
bulbs. The chan  ge from open to cir  cu  la  ting mo  de was per  for  med, af  ter re  a  -
ching the pro  gram  med up  per va  lue of the re  la  ti  ve hu  mi  dity of the agent, by
ope  ning si  de flaps-4 and clo  sing cir  cu  la  tion ope  ning flap-8 using a ser  vo-mo  -
tors. For the drying agent tem  pe  ra  tu  re was used ther  mo  stat of the bur  ner and
au  to  ma  tic con  trol of drying mo  de, switching from cir  cu  la  ting to open mo  de
was used com  mon PLC for to  bac  co dryers.
Ma te rial  tem pe ra tu re  was  me a su red  by  Ni-Cr Ni  ther mo co u ples  in  fo ur
po  ints at dif  fe  rent le  vels. For all pep  per  mint layer he  ight was always me  a  su  red 
the tem  pe  ra  tu  re at 10 cm abo  ve the gra  te and 10 cm below ma  te  rial layer sur  -
fa ce  in  fresh  ma te rial.  The  ac cu racy  of  tem pe ra tu re  me a su re ment  was  ± 1 K.
For  tem pe ra tu re  re cor ding,  da ta  acquisition  de vi ce  Acurex  Au to da ta  Ni ne was
used. Spe  ci  ally de  ve  lo  ped software was used for da  ta pro  ces  sing.
Sam  ples from the up  per le  vel, 10 cm below sur  fa  ce, and lower le  vel, 10
cm abo  ve the gra  te, were ta  ken every two ho  urs and used for mo  i  stu  re con  tent 
de ter mi na tion.  Microwave  oven  was  used  for  quick  de ter mi na tion  of  mo i stu re
con tent.  Ac cor ding  to  the  pre vi o usly  pro vi ded  te sting  and  com pa ri son  with  the 
com  mon met  hod, the ac  cu  racy was as  ses  sed to be ± 2% (Mar ti nov et al.,
2007a).
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spon  ding to tho  se ap  plied in ro  u  ti  ne prac  ti  ce. As a con  trol, the sam  ples su  bjec  -
ted to the con  stant 50°C and per  ma  nently open mo  de, when the drying agent
pas  ses thro  ugh the grain layer and le  a  ves the dryer, as the most of  ten met  hod
per for med  in  prac ti ce,  ha ve  been  used.  For  com pa ri son,  the  mul ti-pha se  drying 
met  hod was per  for  med, when the open mo  de has been used in or  der to re  du  ce
the mo  i  stu  re con  tent to 32%, and furt  her on, for next two pha  ses of drying,
lower tem  pe  ra  tu  res were used, as well as anot  her, open — re  cir  cu  la  ting mo  de
was ap  plied.
Tab. 1. — Ap  plied tem  pe  ra  tu  res for pha  ses of drying of pump  kin ker  nels
Sample
1. phase 2. phase 3. phase
t [°C] W [%] t [°C] W [%] t [°C] W [%]
A 65 32 60 18 55 8
B 65 32 55 18 50 8
C 60 32 55 18 45 8
For in  ve  sti  ga  tion, two con  trol gro  ups were analyzed too: a) drying in
open mo  de, in one sin  gle pha  se, with agent (air) tem  pe  ra  tu  re of 50°C, as a
pro  ce  du  re the most of  ten ap  plied in prac  ti  ce, and b) “na  tu  ral" drying in
shadowed drafty pla  ce, as the pro  ce  du  re al  so of  ten used in prac  ti  ce.
De ter mi na tion  of  mic ro bial  co unt
Sam  ples for de  ter  mi  na  tion of mic  ro  bial co  unt were ta  ken from the fresh
ma  te  rial be  fo  re drying and af  ter chan  ging of drying pha  se. The mic  ro  bial
count was de  ter  mi  ned by stan  dard met  hods. The num  ber of par  tic  les of mic  ro  -
fun  gi (molds and yeasts) on Sa  bo  u  raud agar was co  un  ted. The to  tal num  ber of 
ae ro bic  me sophyllic  bac te ria  on  nu tri ent  agar  was  co un ted.  Co a gu la se  po si ti ve
strep to coc ci,  sulp hi te-re du cing  clo stri dia,  E. co  li, Sal mo nel la and Pro te us spe  -
ci es  were  de ter mi ned  ac cor ding  to  the  na ti o nal  re gu la ti ons  (Pra vil nik  o  mi kro -
bi o lo škoj  is prav no sti  na mir ni ca  u  pro me tu, Sl. list SRJ, br. 26/93, 53/95. and
46/2002; Pra vil nik  o  mi kro bi o lo škoj  is prav no sti  na mir ni ca  u  pro me tu, Sl. list
SRJ br. 26, 1993).
De ter mi na tion  of  mic ro bial  me ta bo lic  ac ti vity
Sin ce  the  le vel  of  phosp ha ta se  ac ti vity  of  he te ro trop hic  part  of  mic ro bi ce -
no sis  pre sent  in  har ve sted  or  col lec ted  plant  ma te rial  in di ca te  the ir  bi oc he mi -
cal,  me ta bo lic  ac ti vity,  the  acid,  ne u tral  and  al ka li ne  phosp ho mo no e ster-hydro -
la se  ac ti vity  of  sam ples  were  me a su red  si mul ta ne o usly  with  the  de ter mi na tion
of mic  ro  bial co  unt. Re  sults were shown as phosp  ha  ta  se ac  ti  vity index (PAI),
the  ave ra ge  va lue  of  acid,  ne u tral,  and  al ka li ne  phosp ha ta se  ac ti vity  (Ma ta -
vulj et al, 1990), as a good in  di  ca  tor of the le  vel of mic  ro  bial con  ta  mi  na  tion 
of plant ma  te  rial.
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Tem pe ra tu re  co ur se  in  layers
Examples  of  me a su red  ma te rial  tem pe ra tu re  co ur ses  in  three  layers  are
shown in Fig. 1. It is evi  dent that ma  te  rial in the up  per layers re  ach tem  pe  ra  -
ture over 45°C af  ter a sig  ni  fi  cant pe  riod of drying. Un  til this ti  me, the  re exist
fa vo ra ble  con di ti ons  for  in cre a se  of  mic ro bial  co unt.  The  hig her  the  ma te rial
batch, the lon  ger the ti  me for warming up to 45°C of up  per layers. Sup  po  sed
re  duc  tion of warming up of up  per layers as re  sult of tur  ning of pep  per  mint has 
not  been  con fir med.  No  sig ni fi cant  re duc tion  has  been  re cor ded.
Mo i stu re  con tent  co ur se
Fig. 2 pre  sent examples of co  ur  ses of ma  te  rial mo  i  stu  re con  tent of pep  -
per  mint. The re  duc  tion of drying ti  me is as expected, whereby the re  la  ti  ve
drying du  ra  tion is lower for hig  her batch he  ight.
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Fig. 1. — Examples of re  cor  ded tem  pe  ra  tu  re chan  ges in ma  te  rial layers for pep  per  mint
a) 80 cm and, b) 100 cm batch he  ight
Fig. 2. — Co  ur  se of ma  te  rial mo  i  stu  re con  tent of pep  per  mint, batch he  ight 1 m:
a) without tur  ning b) with tur  ning of batch af  ter first drying pha  seThe drying ti  me of pep  per  mint without (a) and with (b) tur  ning of batch
af ter  first  drying  pha se  shows  con si de ra ble  dif fe ren ce,  alt ho ugh  he re  are  gi ven
extreme examples. The start mo  i  stu  re con  tent of tur  ned batch was al  so abo  ut
4% lower. Spe  ci  fic drying ra  te was for tur  ning of batch abo  ut 4.45, and for no 
tur  ning 2.80 kg/h. Due to re  la  ti  vely small num  ber, only two, one for each
batch he  ight, experiments with tur  ning the batch it can  not be con  clu  ded that
co  uld so hu  ge re  duc  tion of drying ti  me can be expected. This ef  fect sho  uld be
pro ved  in  fu tu re  in ve sti ga ti ons.
The ot  her po  si  ti  ve ef  fects of batch tur  ning are al  so equalization of mo  i  s  -
tu  re con  tent of ma  te  rial layers. Fig. 3 shows me  a  su  red mo  i  stu  re con  tent in up  -
per and lower layers. It is cle  ar that in the ca  se of ma  te  rial batch tur  ning fi  nal
mo  i  stu  re con  tent of pep  per  mint is mo  re equalized, Fig. 3b). This ef  fect sho  uld
be  al so  mo re  ap pro ved  in  fu tu re  in ve sti ga ti ons.
Mic ro bial  co unt  dyna mics
The chan  ge of mic  ro  bial co  unt du  ring drying pro  cess, in layers is for se  -
lec  ted examples shown in Fig. 4 for pep  per  mint
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Fig. 3. — Me  a  su  red (using microwave oven) mo  i  stu  re con  tent of dried pep  per  mint, 1 m batch
he  ight, in lower and up  per batch layers; a) pro  ce  du  re without tur  ning, b) pro  ce  du  re with tur  ning
Fig. 4. — Chan  ge of mic  ro  bial co  unt in up  per and lower layers, pep  per  mint 0.8 m batch
he ight:  a)  Bac te ria  (ae ro bic  me sophylic  he te ro trophs),  b)  Mic ro fun gi  (mo ulds  and  yeasts,
mic ro fun gal  par tic les)Pre  sen  ted re  sults of drying of batch tur  ning, Fig. 4 show that the  re is no
sig  ni  fi  cant dif  fe  ren  ce of up  per and lower layer. This is one mo  re be  ne  fit of
batch tur  ning. Re  ac  hed mic  ro  bial co  unt tur  ned to be lower than that of fresh
ma te rial,  and  com pa ra ble  of  tho se  of  na tu rally  dried  ma te rial,  and  cor re sponds
to  the  le vel  of  4A  ca te gory  ac cor ding  to  Eu ro pean  Phar ma co po e ia  (Ano ny -
mous, 2002).
Tab.  2.  —  Mic ro bial  co unt  and  mic ro bial  phosp ha ta se  ac ti vity  of  pump kin  ker nels
Sample
Number of particles
of microfungi Bacterial count Phosphatase activity
index (PAI)
g–1 g–1 mmol/s–1/g–1
A 0 33,600 0.76
B 0 40,700 0.88
C 23  69,200 0.93
K 0 142,000  0.94
In  ac cor dan ce  with  Eu ro pa ean  phar ma ko po e ia  (Anonymous, 2002)
pump  kin ker  nel A and B sam  ples, dried using met  hod of pha  se drying, ful  fill
the cri  te  ria for be  lon  ging to the 3B quality gro  up. Sam  ples C and K (con  trol
gro  up) tre  a  ted in the sa  me way, ful  fil  led cri  te  ria for 4B quality gro  up.
Par tic les  of  mic ro fun gi  were  fo und  only  in  sam ples  C,  when  tem pe ra tu re
of drying in the third pha  se was 45°C. Do  mi  na  ted spe  ci  es re  pre  sen  ted li  po  -
phyllic Mu cor and Rhi zo pus  ge ne ra.  Re pre sen ta ti ves  of  xerophyllic  Pe ni cil -
lium,  Cla do spo ri um,  Asper gil lus and Fu sa ri um  ge ne ra  were  re cor ded  too.
Num ber  of  mic ro or ga nisms,  as  well  as  le vel  of  the ir  me ta bo lic  ac ti vity,
te  stify that bac  te  ria, fo  und as con  ta  mi  nants on oil pump  kin gra  ins can  not be
eli mi na ted  by  ap plied  tem pe ra tu res  hig her  than  45°C.  Furt her  dec re a se  of  the ir 
num  ber co  uld be ac  hi  e  ved only eit  her by using ste  am tre  at  ment or exposing
them to microwaves.
In  all  of  ca ses  num ber  of  mic ro or ga nisms  in di ca ted  that  the  tre a ted  pump -
kin gra  ins be  lon  ged to the 3B qualitative gro  up or to the 4B for pha  se drying
re  spec  ti  vely, and to the 4A for con  trol gro  up ac  cor  ding to the Eu  ro  pa  ean phar  -
ma co po e ia.
The  re sults  ob ta i ned  sug gest  that  in  fu tu re  re se arch  the  tre at ment  with
even hig  her tem  pe  ra  tu  res of drying agents, for example 70°C or 80°C, in the
first pha  se sho  uld be in  ve  sti  ga  ted. Af  ter that pha  se, the se  cond pha  se would
follow, using tem  pe  ra  tu  re of 60°C, and the met  hod with mo  de shif  ting would
be ap  plied.
CON CLU SI ONS
Po  si  ti  ve ef  fects of drying in three pha  ses drying ha  ve been con  fir  med.
Tur  ning of pep  per  mint batch showed po  si  ti  ve ef  fects, and only the ne  e  ded ad  -
di ti o nal  la bor  co uld  be  li mi ta tion  fac tor  for  its  ap pli ca tion.  The  mo re  ac cu ra te
ef fects  of  this  sho uld  be  ac hi e ved  by  fu tu re  in ve sti ga tion.
Three pha  ses drying can be re  com  men  ded, whereby for pha  ses ti  ming ra  -
pid mo  i  stu  re con  tent esti  ma  tion using microwave oven can be ap  plied. Star  ting 
67of drying without he  a  ting, use of am  bi  ent air, whereby is pro  lon  ga  tion of
drying ti  me expected.
Du  ring the tre  at  ment of plant ma  te  rial in all of ca  ses qualitative and
quantitative  com po si tion  of  mic ro or ga nisms  in di ca ted  that  drying  pro cess  re -
sul ted  in  sa tis fac tory  re duc tion  of  mic ro bial  co unt  ac cor ding  to  the  Eu ro pa ean
Phar ma co po e ia.
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Re zi me
U  ra du  je  po sta vqen  ciq  da  se  is tra ÿi  mo guã nost  po boqša wa  po stup ka  su -
še  wa pi  to  me na  ne i oqu  šte  nih se  men  ki uqne ti  kve sa ci  qem da se do  bi  je što
bo qi  mi kro bi o lo ški  kva li tet.  Ma li  i  sred wi  pro iz vo ða åi  bi qe  naj åe šãe  su -
še  u  šarÿ nim  su ša ra ma  ko je  da ju  naj bo qe  eko nom ske  efek te.  Lo ša  stra na  tih
su ša ra  je  spo ro  pro gre ja va we  gor wih  slo je va,  što  stva ra  uslo ve  za  po ået no  po -
ve ãa we  bro ja  mi kro or ga ni za ma.  U  ovom  ra du  pri ka za ni  su  re zul ta ti  is pi ti va wa 
oso bi na  su še wa  u  šarÿ noj  su ša ri  in di ko va na  pro me na ma  bro ja  bak te ri ja  i  mi -
kro gqi va.  Re ÿim  su še wa  pri me wen  je  u  tri  raz li åi te  fa ze.  Do bi je ni  re zul ta ti 
su še wa  pi to me  na ne  uka zu ju  na  po rast  bro ja  mi kro or ga ni za ma  u  gor wim  slo je vi -
ma  bi o ma se,  za  re la tiv no  dug  pe riod  vre me na  ka da  tem pe ra tu ra  ni je  pre la zi la
45°S.  Me ðu tim,  za  vre me  za vr šne  fa ze  su še wa  tem pe ra tu ra  ta ko ðe  ni je  pre la zi -
la  45°S  i  fi nal ni  broj  mi kro or ga ni za ma  je  bio  sko ro  iz jed na åen  u  gor wem  i
do wem  slo ju.
Is tra ÿi va we  po stup ka  su še wa  oqu šte nih  se men ki  uq ne  ti kve  je  spro ve -
de no  u  uslo vi ma  ko ji  od go va ra ju  oni ma  ko je  se  pri me wu ju  u  prak si.  Rad  sa  kon -
stant nom  tem pe ra tu rom  50°S  i  stal no  otvo re nim  mo dom,  pri  ko jem  agens  jed nom 
pro  la  zi kroz sloj zr  na i na  pu  šta su  ša  ru, što se naj  åe  šãe ko  ri  sti u prak  si,
ko ri šãen  je  kao  kon trol na  gru pa.  Za  po re ðe we  je  oba vqe no  fa zno  su še we,  pri
åe mu  je  otvo re ni  mod  ko ri šãen  do  do sti za wa  sa dr ÿa ja  vla ge  oko  32%,  a  na da qe
su,  za  dve  fa ze  su še wa,  pri me we ne  ni ÿe  tem pe ra tu re,  i  pro me na  mo da  ra da:
otvo re ni  —  re cir ku la ci o ni.  Po ka za no  je  da  je  tra ja we  su še wa  kra ãe  i  spe ci -
fiå na  ener gi ja  ni ÿa  pri  pri me ni  vi ših  tem pe ra tu ra  i  pro me ni  mo da  ra da  u
dru goj  i  tre ãoj  fa zi.  Po stig nu ti  kva li tet  u  po gle du  sa dr ÿa ja  bro ja  mi kro or ga -
69ni  za  ma bio je ta  kav da se zr  no svr  sta  va u kva  li  tet  nu gru  pu 3B ili 4B za fa  zno
su še we,  a  4A  za  kon trol nu  gru pu,  pre ma  Evrop skoj  far ma ko pe ji.
U  bu du ãem  ra du  tre ba  da  se  is pi ta  efe kat  još  vi ših  tem pe ra tu ra  agen sa
(va  zdu  ha) za su  še  we se  men  ki ti  kve u pr  voj fa  zi (70 i 80°S), po  sle åe  ga bi sle  -
di  la dru  ga fa  za u ko  joj bi tem  pe  ra  tu  ra bi  la do 60°S, a pri  me  wi  vao bi se rad sa
pro me nom  mo da.
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